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Abstract 

A recently published article by Klapdor-Kleingrothaus et al. p] cri- 
tiques the limit on the stability of the electron obtained by the Borexino 
collaboration. We respond here to the criticisms raised by Klapdor- 
Kleingrothaus and his colleagues, and re-establish that our result is 
based on very conservative premises and that the "indication of a signal 
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of 1.4 a" for the decay of the electron in the 7 + v channel, reported 
by Klapdor-Kleingrothaus and colleagues, is excluded by the Borexino 
result. 

PACS: 13.35.-r; 13.40.Hq; 14.60.Cd; ll.30.-j; 29.40.Mc 

Keywords: Stability of the electron; Electric charge conservation; 

Borexino experiment; CTF detector; Large volume liquid scintillator 

detectors 

Response to criticism of the Borexino result 

The limit on the stability of the electron against e — > 7 + v decay reported 
by Klapdor-Kleingrothaus and colleagues [1], r > 1.22 x 10 26 yr (68% c.l.), 
is weaker than the best current limit of 4.6 x 10 26 yr (90% c.l.) established 
by the Borexino collaboration with the Counting Test Facility detector (its 
second version, CTF-II) operated at LNGS |2]. The result from Klapdor- 
Kleingrothaus et al (Ref. p.J, referred to as the KKKT article hereafter) is also 
weaker than an earlier limit set by the DAMA collaboration [3] of 2.0 x 10 26 
yr (90% c.l.). While the weaker KKKT limit is still of interest because of 
the different technique used, its authors also directly challenge the Borexino 
procedure used to obtain its stronger limit (the DAMA result is not mentioned 
in this context). 

The criticisms raised in KKKT are not supported by a quantitative analy- 
sis. Some points raised by the authors are irrelevant to the result of interest, 
while others raise issues which were discussed in detail in the Borexino arti- 
cle [2] and missed by the authors of KKKT. In the following paragraphs we 
offer a detailed examination of all the arguments raised in KKKT to criticize 
the Borexino result. 

1. The background whose origin seems not to be fully known has been param- 
eterized by six parameters - and it has to be assumed to behave linearly 
down to low energies". 

The CTF-II background at low energies is well understood because it is 
dominated by the well-known shape of 14 C beta decay. The assumption 
of linear behaviour of the underlying background is only relevant in a 
very narrow region around 200-220 keV where the 14 C tail due to detector 
resolution smearing can extend up to 220 keV (the end-point of the f3- 
spectrum of 14 C is 156 keV). Above 220 keV the background is linear up 
to 400 keV as can be seen from the experimental data (see Fig. 4 from |2j). 
The behaviour of the underlying background at E<200 keV doesn't influ- 
ence the result, because at these energies the total background, as noted 
above, is dominated by the 14 C beta decay. The assumption of back- 
ground linearity has been checked with MC simulations and is further 
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justified by the narrowness of the region relevant for the analysis (about 
30% of the FWHM energy resolution). Ultimately, the choice of the par- 
ent distribution is supported by the quality of the fit x 2 — 134.5/146. 
It is worth pointing out that the number of parameters of the KKKT 
fitting model (4 amplitudes for gaussian peaks, 2 parameters for the lin- 
ear background, and presumably parameters characterizing energy cal- 
ibration and linewidths) is at best the same as the number used in the 
Borexino fit. Besides, the larger the number of parameters the weaker 
the limit, so the number of parameters itself is not an apriori problem 
of the model. 

2. Strong and perhaps not unique cuts have been applied to reduce the con- 
tamination of the spectrum in the range of interest by betas and gammas 
from 40 K and from 14 C". 

It is not clear what is meant by the expression "perhaps not unique cuts". 
Cuts are never "unique", but provided their effect is well understood and 
characterized, they are a perfectly valid technique for data analysis. The 
efficiency and effect of every cut used in the CTF-II was thoroughly in- 
vestigated. 

The most efficatious cut rejected events which reconstructed outside of 
the inner, fiducial, part of the detector, exploiting the excellent posi- 
tion sensitivity of the CTF detector. This technique of "active shielding" 
is widely used with high purity detectors. The fiducial cut provides 
strong suppression of the external background, mainly due 1.46 MeV 7- 
rays emitted by the 40 K contamination in the strings of the nylon vessel 
hold-down system. /3's from 40 K do not contribute to the background 
because they do not penetrate into the liquid scintillator. 
At the same time, we note that the /3-background from 14 C decay, which 
is uniformly distributed throughout the detector's volume, has the exact 
same spatial distribution as the signal of interest which consists of 7-rays 
of 256 keV. 

Thus, the relative reduction of the 14 C signal due to the fiducial volume 
cut can be used to define the fiducial volume of the detector. This is 
another advantage of CTF setup in comparison with an HPGe detector: 
the fiducial volume of the detector is determined experimentally rather 
than by MonteCarlo methods. 

Another very effective cut removed events tagged by the muon identifica- 
tion system, as is done in most low-background setups, including typical 
HPGe detectors. 

The KKKT emphasis on the advantage of using "raw" data is thus at 
best unclear. 
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3. "It is not clear that threshold effects on the spectrum in the range of 
interest are really excluded". 

The threshold effect was really excluded, and it was explained in detail in 
the Borexino article [2]. Anyway, threshold effects would only influence 
the quality of the 14 C fit near the (software defined) threshold, and not 
the final result obtained in the energy window which is well beyond the 
threshold. Once again, the quality of the overall fit confirms the absense 
of a threshold effect. 

4. "There do not exist direct measurements of the dependence between light 
yield of the electrons and their energy for the scintillator used in Borex- 
ino". 

The light yield was defined using the 14 C end-point with high precision 
using the model described in the text of the paper [2], and was verified 
at higher energies using 40 K 1.46 MeV 7— peak and 514 keV 7's from 
85 Kr decay into the excited state of 85 Rb, as explained in the Borexino 
article. There was no need for additional measurement of light yield 
for the scintillator used in Borexino as "self-calibration" using dissolved 
natural radioacive isotopes is the best imaginable calibration method. 
As a further check, the dependence of the lifetime limit on the scintilla- 
tor quenching factor was performed and presented in the Borexino paper. 
The choice of any quenching factor in the realistic range from 0.01 up to 
0.02 cm _1 MeV _1 changes the resulting limit by no more than 4%. 

5. "The energy resolution in the Borexino experiment is by a factor of 30 
worse than that of the present Ge experiment". 

This statement is misleading since the sensitivity of different experimen- 
tal setups is not defined solely by their resolution. The ratio of sensitivi- 
ties of two detectors, I and II, for the signal of interest can be estimated 
as: 



where e is detection efficiency, T is data collection time, N e is number of 
electrons, B is specific background and a is the detector's resolution. As 
one can see, the ratio of the number of electrons (or the detector mass) 
and the ratio of specific backgrounds have the same importance as the 
ratio of resolutions. Borexino has much higher mass, and a much better 
specific background. 

In addition, the value quoted as the ratio of the resolutions ("a factor of 
30") is also misleading. As explained in the KKKT article, the resolutions 
of interest are not the intrinsic energy resolutions of the detectors, but 
the Doppler broadened resolutions: at least 8 keV instead of 2.4 for the 
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HPGe detector. The Doppler-broadened resolution of the Counting Test 
Facility is only 9 times worse than the HPGe counterpart. Moreover, 
a realistic comparison of sensitivity should contain the width weighted 
over all the electron shells. 

Final remarks 

The final result stated by the KKKT authors is 5 times better than their 
own estimate of the detector's raw sensitivity using the "la method", while 
Borexino's result is about 2 times worse than its raw sensitivity that can be 
obtained using the same "la method" (this sensitivity was not given in the 
Borexino article, but the value can be extracted from the data presented). 
So, relative to the KKKT result, the Borexino result stands on even more 
conservative premises and accurately reflects its systematic uncertainties. 

On a technical note, the result obtained by the Borexino collaboration is 
quoted at the 90% c.L. In contrast, the result from KKKT is quoted at the 
68% c.L. However, in the "Conclusions" of KKKT the two numeric values are 
directly compared, without explicit mention of the difference in the confidence 
levels. Finally, the best KKKT result considers only outer shell electrons, 
calling into question their assumed number of candidate electrons. 

We conclude that the criticism of the Borexino result in KKKT is unsub- 
stantiated. Moreover, the "indication of a signal on 1.4 ex" purported in KKKT 
is excluded by results from both the Borexino [2] and DAMA [3] collaborations. 
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